We investigate the recently proposed Kerr/CFT correspondence in the context of heterotic string theory. The Kerr/CFT correspondence states that the near-horizon states of an extremal four (or higher) dimensional black hole could be identified with a certain chiral conformal field theory under the conjecture that the central charges from the non-gravitational fields vanish. The corresponding Virasoro algebra is generated by a class of diffeomorphisms which preserves the appropriate boundary conditions on the near-horizon geometry. To understand the chiral conformal field theory, we consider the class of extremal Kerr-Sen black hole (that contains three non-gravitational fields) as a class of solutions in the low energy limit (effective field theory) of heterotic string theory. We derive the expression of the conserved charges for the extremal Kerr-Sen solutions that contain dilaton, abelian gauge filed and antisymmetric tensor filed. We confirm and extend the validity of the conjecture (that the central charges from the non-gravitational fields vanish) for theories including antisymmetric tensor fields. We combine the calculated central charges with the expected form of the temperature using the Cardy formula to obtain the entropy of the extremal black hole microscopically; in agreement with the macroscopic Bekenstein-Hawking entropy of the extremal black hole.
Introduction
For a long time, black holes have been an interesting theoretical system to understand the nature of quantum gravity. Despite a lot of efforts to explain and reproduce the Bekensteinhawking entropy, the theory of black hole entropy is not complete.
Recently, in the context of proposed Kerr/CFT correspondence [1] , the microscopic entropy of four-dimensional extremal Kerr black hole is calculated by studying the dual chiral conformal field theory associated with the diffeomorphisms of near-horizon geometry of the Kerr black hole [2, 3, 4, 5, 6, 7] . These diffeomorphisms preserve an appropriate boundary condition at the infinity. One important feature of this correspondence is that it doesn't rely on supersymmetry and string theory unlike the well known AdS/CFT correspondence [8, 9, 10, 11, 12, 13] .
The Kerr/CFT correspondence has been used in [14] and [15] to find the entropy of dual CFT for four and higher dimensional Kerr black holes in AdS spacetimes and gauged supergravity as well as five-dimensional BMPV black holes in [16] . Moreover the correspondence has been used in string theory D1-D5-P and BMPV black holes in [17] and in the five dimensional Kerr black hole in Gödel universe [18] . The continuous approach to the extremal Kerr black hole is essential in the proposed correspondence. For example, in the case of Reissner-Nordstrom black hole the approach to extremality is not continuous [19] . The rotating bubbles, Kerr-Newman black holes in (A)dS spacetimes and rotating NS5 branes have been considered in [20] , [21] and [22] .
In all these works, the central charge is computed only from the gravitational tensor field while contributions from other fields like scalar and vector fields are neglected. This led the authors of [23] , to the conjecture that the central charge of extremal black holes comes only from the gravitational field. In [23] , the authors verified the conjecture for a class of four and five dimensional theories that their actions contain gravity, scalar fields and a multiple of U(1) vector fields as well as two topological terms (given in terms of vector fields and corresponding field strengths). Moreover, the conjecture was verified in [21] for the KerrNewmann-(A)dS black hole in the Einstein-Maxwell theory with cosmological constant. In [21] , the authors showed that there is no contribution to the central charge of dual CFT from U(1) gauge field in the Einstein-Maxwell theory with cosmological constant.
In this article, inspired with the above mentioned works, we consider the class of extremal Kerr-Sen black hole as a class of solutions in the low energy limit (effective field theory) of heterotic string theory and show that the antisymmetric tensor field (as well as the other non-gravitational fields) does not contribute to the central charge of the dual CFT. Hence we extend the validity domain of the conjecture (proposed in [23] ) to include the nongravitational antisymmetric tensor fields. The Kerr-Sen black hole is an exact solution to the four-dimensional effective field theory of heterotic string theory with gauge field, dilaton field and antisymmetric tensor filed [24] . The Kerr-Sen black hole has been studied in [25] and [26] in regard to its hidden symmetries, null geodesics, photon capture and its singularities. Moreover Kerr-Sen black hole has been used to study black hole lensing in the strong deflection limit [27] and the massive complex scalar field in the Kerr-Sen geometry has been considered in [28] .
We apply the Kerr/CFT correspondence to the extremal Kerr-Sen black hole and should stress that the Kerr-Sen solutions contain an antisymmetric tensor field as well as a dilaton and a vector field. As we mentioned before, the Kerr-Sen solutions are the exact solutions to the four-dimensional effective action of heterotic string theory. The effective action is obtained by compactifiying six of the ten dimensions of string theory and we have not included any massless fields arising from compactification in the theory. It seems Kerr-Sen black hole might be considered as a sub-class of black hole solutions in [21] , but we should notice that in all the solutions that have been considered in [21] , there are not absolutely any solutions with antisymmetric tensor fields. In four dimensions, the antisymmetric tensor field is equivalent to a scalar (axion) and we may expect that the results (coming from Kerr/CFT correspondence) should not be very different from the results presented in [21] . However, due to the non-trivial coupling of the antisymmetric tensor field to the Chern-Simons three form, in this article, we try explicitly to extend the validity of the conjecture (that the central charge of dual CFT to extremal black hole comes only from gravitational part and first proposed in [23] ) for theories that contain antisymmetric tensor fields.
The outline of this paper is as follows. In section 2, we first review briefly the KerrSen black hole and its associated physical quantities. We find the near-horizon geometry of extremal black hole by using special coordinate transformations as well as the near-horizon limits of the other non-gravitational fields. We notice a delicate divergence cancellation in the near-horizon limit of the three-form field strength due to the presence of the Chern-Simons terms. In section 3, we calculate the different contibutions to the central charge of CFT; from gravitational field, dilaton, gauge field and the antisymmetric tensor field. We find that there are no contributions to the central charge of the CFT from non-gravitational fields. Finally we find the microscopic entropy of extremal Kerr-Sen black hole in the dual chiral conformal field theory and compare the results with the macroscopic Bekenstein-Hawking entropy. We conclude in section 4 with a summary of our results.
Extremal Kerr-Sen Black Hole
In this section, we give a brief review of the Kerr-Sen black hole and then study its nearhorizon geometry.
The effective action of heterotic string theory in four dimensions is given by
where H 2 = H µνρ H µνρ and F 2 = F µν F µν . In (2.1), G µν and Φ are the metric and the dilaton field respectively, F µν = ∂ µ A ν − ∂ ν A µ is the field strength for the gauge field A µ associated with a U(1) subgroup of E 8 × E 8 and
where the last three terms are the gauge Chern-Simons terms. In Einstein frame, the KerrSen black hole is given by [24] 
3)
The dilaton and gauge field components are
and the only non-vanishing component of antisymmetric tensor field is
The black hole solution (2.3) has mass M = m cosh
sinh α and angular momentum J = ma cosh 2 (α/2). We rewrite the metric as
where
and α in (2.3) by ̺ = 2m sinh 2 (α/2) = Q 2 /M. The dilaton , gauge field and the antisymmetric tensor field are given by
We notice that for special value of ̺ = 0, the metric (2.8) reduces to Kerr black hole. Moreover, we should note that the presence of antisymmetric tensor field B µν makes the action (2.1) quite different from the actions considered in [23, 21] . Although the Kerr-Sen black hole solution (2.8) looks to be included in the class of general extremal black hole solutions (which considered in [21] ), but we should mention that in all solutions considered in [21] , there are no antisymmetric tensor fields. The antisymmetric tensor field may or may not contribute to the central charge of the dual CFT and this is the main question that we try to address in this paper.
Moreover, we note that the metric (2.8) is quite distinct from Kerr metric; it can not be obtained simply by a shift in coordinate r from Kerr metric, hence we can not tell a priori about the outcome of applying Kerr/CFT correspondence to the rotating black hole solution (2.8) with the dilaton, gauge field and especially the non-trivial antisymmetric tensor field (2.12). On the other hand, for a = 0, the Kerr-Sen black hole reduces to Gibbons-MaedaGarfinkle-Horowitz-Strominger charged black hole of heterotic string theory in the strong deflection limit. In this limit, the Gibbons-Maeda-Garfinkle-Horowitz-Strominger charged black hole can be used to study the gravitational lensing when light passes close to the black hole. The event horizon of black hole (2.8) is
To avoid any naked singularity, we should impose
It is obvious that the extremal black hole satisfies the upper bound of above inequality. The angular velocity at the horizon and Hawking temperature of black hole (2.3) are
respectively. For the black hole in the form (2.8), the corresponding angular velocity at horizon, Hawking temperature and entropy are
We notice in the extremal limit where and 0, respectively and the entropy (2.19) reduces simply to S = 2πJ; independent of the mass of black hole.
To find the near-horizon limit of the extremal black hole, we change the coordinates according to the following transformations
where the scaling parameter λ approaches zero. The black hole metric (2.8) changes to the near-horizon metric
The near-horizon metric definitely is not asymptotically flat. The near-horizon dilaton field is 25) and the near-horizon U(1) field strength is given by
(2.26) Equation (2.26) shows that near-horizon gauge field is
In the near-horizon limit, the three-form field strength H µνσ is
To get this resut in the limit of λ → 0, the contribution of gauge Chern-Simons terms in the three-form field strength (2.2) is very crucial. In the near-horizon limit, both antisymmetric tensor field and Chern-Simons terms contributions to the three-form field strength (2.2) diverge. These two divergences exactly cancel each other, hence we obtain the finite result (2.28) for the three-form field strength near the horizon. We can introduce the new antisymmetric tensor field B by
To cover the whole near-horizon geometry, we use the global coordinates
so the global near-horizon gauge field and the metric are
Moreover, the near-horizon three-form field strength components are
where H is given in (2.29). In the case of vanishing ̺, the metric becomes the near-horizon geometry of the Kerr solution, as in [1, 29] . For a fixed θ, the near-horizon geometry is a quotient of warped AdS 3 which the quotient arises from identification of ϕ coordinate. The isometry group of the geometry is SL(2, R) × U(1), where U (1) is generated by the Killing vector −∂ ϕ and SL(2, R) is generated by three Killing vectors,
Microscopic Entropy in Dual CFT
We recall that asymptotic symmetry group of a spacetime is the group of allowed symmetries that obey the boundary conditions. As a result, the definition of the charge associated with a symmetry depends both on the action as well as boundary conditions. Hence, to compute the charges associated with asymptotic symmetry group of Kerr-Sen solution, we should consider all possible contributions from all different fields in the action (2.1). Asymptotic symmetries of the action (2.1) include diffeomorphisms ξ such that
as well as the following gauge transformations Λ and Ψ for A µ and B µν respectively,
In equations (3.1)-(3.4), the Lie derivatives of dilaton, gauge field, metric and antisymmetric tensor field B) are
Hence, there are four contributions to the associated charge of asymptotic symmetry group of Kerr-Sen solution. The contributions come from gravitational tensor, dilaton, U(1) gauge field and antisymmetric tensor field B µν . So we have
where h, a, b and φ mean the infinitesimal variations of g, A, B and Φ fields, respectively, and ∂Σ is the boundary of a spatial slice. We should note, thanks to equation (2.31), there is no contribution to the charge (3.11) from Chern-Simons terms. The gravitational and dilaton contribution two-forms k
are given by [30, 31, 32 ]
and Q g ζ is the Koumar two-form
The last two terms in equation (3.11) are contributions of one-form gauge field A and two-form B field to the charge. In general for ap-form P with the associated (p + 1)-form field strength R, the contribution is given by [32] 
and the two-form
The explicit expressions for the contributions to the charge (3.11) from gravity, dilaton and Maxwell field are given in the Appendix. We find the contribution of antisymmetric tensor field as
We choose the proper boundary condition for the near-horizon metric as the same as one in [1] . Moreover, we choose the boundary conditions for the U(1) gauge field
and for the dilaton as
where the coordinates are (τ, r, θ, ϕ). For the antisymmetric tensor field, we choose
to make sure that the conserved charges of the theory remain finite. We can show that the near-horizon metric has a class of commuting diffeomorphisms, labeled by n = 0, ±1, ±2, · · ·
This diffeomorphism generates a Virasoro algebra without any central charge
Under the action of diffeomorphism (3.24), the gauge field gets a ϕ-component that is of the order of 1 at infinity. This is in contrast to the boundary condition (3.21). To restore the boundary condition (3.21), we should perform a gauge transformation with the gauge function
Hence, under a combination of diffeomorphism transformation and gauge transformation, the gauge field at infinity behaves exactly as it is expected by (3.21). Moreover, the Lie derivative of the antisymmetric tensor field B at infinity, has the following components
that are not in agreement with the boundary condition (3.23). The only other non-zero component of L ζ B at infinity, is
which behaves smoother than what is supposed to be. To find agreement with the boundary condition (3.23), we do a compensational transformation (3.6) with the following Ψ µ function,
So, we find a combination of diffeomorphism transformation and (3.6) yields an antisymmetric tensor field that behaves at infinity, in agreement with the imposed boundary condition (3.23). The charge (3.11) generates the symmetry (ζ, Λ, Ψ) n and the algebra of the asymptotic symmetric group is given by the Dirac bracket algebra of these charges
Taking the background geometryĝ and fieldsΦ,Â andB by (2.24), (2.25), (2.27) and (2.30), we obtain
A straightforward and lengthy calculation shows that the algebra of the asymptotic symmetry group is a Viraso algebra generated by (ζ, Λ, Ψ) n with the central charge for the dual chiral CFT corresponding to Kerr-Sen black hole (2.8). To find the entropy of dual chiral CFT, we need to find Frolov-Thorne temperature [33] . A straightforward calculation shows
Finally, we obtain the microscopic entropy in dual chiral CFT by using the Cardy relation, as
This microscopic result for the entropy is exactly the same as macroscopic entropy of black hole (2.19) in the extremal limit. Although Kerr-Sen black hole in the limit of a → 0 reduces to Gibbons-Maeda-GarfinkleHorowitz-Strominger charged black hole, but Kerr/CFT correspondence fails for GibbonsMaeda-Garfinkle-Horowitz-Strominger black hole. This is quite reasonable since in derivation of microscopic entropy, we implicitly assumed that the angular velocity of the horizon is not zero.
Concluding Remarks
In this paper, we considered the class of extremal Kerr-Sen black holes in the low energy limit of heterotic string theory. We found the near-horizon metric of the black hole, as well as the near-horizon limits of the other non-gravitational fields of the theory by taking the near-horizon procedure. We found that the contribution of the Chern-Simons terms to the three-form field strength of the theory is very crucial. In fact, the contribution of the antisymmetric tensor field to the three-form field strength in near-horizon limit, is divergent. Moreover, the contribution of the Chern-Simons terms to the three-form field strength in near-horizon limit, also is divergent. However, these two divergences cancel out exactly when we consider both contributions to the three-form field stength. We found an important result that states near the horizon (which has the topology of warped AdS 3 ), the three-form field strength depends explicitely on a new antisymmetric tensor field, and not to the Maxwell gauge filed. By choosing the proper boundary conditions for the gravitational field, dilaton, gauge field and the antisymmetric tensor field, we found the diffeomorphisms that generate Virasoro algebra without any central charge. The generator of diffeomorphisms which is a conserved charge, can be used to construct an algebra under Dirac brackets. This algebra is the same as diffeomorphism algebra but just with some extra central terms. These central terms, in general contribute to the the central charge of the Virasoro algebra. We showed that the only non-zero contribution to the central charge of the dual conformmal field theory comes from gravitational field. So, we extended the validity of conjecture (that the central charges from the non-gravitational fields vanish) to theories that include the antisymmetric tensor fields. The central charge together with Frolov-Thorne temperature enable us to find the microscopic entropy of the extremal Kerr-Sen black hole in dual chiral CFT. The microscopic entropy is exactly the same as macroscopic Bekenstein-Hawking entropy of the extremal black hole. Our work provides further supportive evidence in favor of a Kerr/CFT correspondence in the low energy limit of heterotic string theory that contains three nongravitational fields. 
